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GASOLINE VIA THE FISCHER-TROPSCH REACTION USING THE HOT-GAS RECYCLE SYSTEM 
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U. S. Department of t h e  I n t e r i o r ,  Bureau of  Mines, 
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I n t r o d u c t i o n  

One of the  p r i n c i p a l  problems t o  be overcome i n  t h e  development of a coa l - to-  
o i l  process  v i a  the  Fischer-Tropsch (F.T.) r e a c t i o n  i s  t h e  removal of  t h e  h i g h l y  
exothermic h e a t  of r e a c t i o n  o f  t h e  synthes is  gas  (H2+CO). 
process  h a s  been developed over the p a s t  s e v e r a l  years  by t h e  Bureau of Mines t o  
overcome this  problem.,!,/ 
c i r c u l a t i n g  l a r g e  q u a n t i t i e s  of r e c y c l e  gas through a c a t a l y s t  bed of high poros- 
i t y .  '!&e c a t a l y s t  i n  t h i s  experiment i s  a bed of  p a r a l l e l  p l a t e s  sprayed with the  
c a t a l y s t .  

The hot-gas  recyc le  

I n  t h i s  process t h e  h e a t  of  r e a c t i o n  is  removed by 

The synthes is  gas  s e n t  t o  t h e  F.T. r e a c t o r  should c o n t a i n  a minimum o f  methane 
a s  t h i s  i s  considered a n  u n d e s i r a b l e  by-product f o r  a c o a l - t o - o i l  p l a n t ,  and t h e  
s u l f u r  conten t  should be  as low as p o s s i b l e  ( l e s s  than 0 . 1  ppm). The f i r s t  re- 
quirement would d i c t a t e  a n  en t ra ined  g a s i f i e r  operated a t  very  high temperature; 
and t h e  second requirement can be achieved by a good p u r i f i c a t i o n  t r a i n  such a s  
the Bureau of Mines-developed hot-carbonate  process  followed by a f i n a l  s u l f u r -  
removal u n i t  containing a c t i v a t e d  charcoa l .  

The experiment d i scussed  i n  t h i s  paper used Alan Wood magnet i te  o r e  a s  the  
c a t a l y s t .  
i n  a n  e a r l i e r  tes t -  

Experimental Procedures and R e s u l t s  

The o b j f y t i v e  w a s  t o  improve the  product d i s t r i b u t i o n  over t h a t  found 
and to t e s t  t h e  use of  a cheap o r e  as the c a t a l y s t .  

F ig .  1 shows a schematic diagram of  the hot-gas  r e c y c l e  system as developed 

The r e -  
f o r  t h e  synthes is  of o i l s .  The feed gas  i s  fed t o  t h e  r e a c t o r  with t h e  recycle  
gas .  The recyc le  gas  i s  a mixture  of ho t  and cold r e c y c l e  gas  streams. 
c y c l e  gas  temperature and volume a r e  c o n t r o l l e d  t o  hold t h e  temperature rise t o  
about  5OoC ( 9 0 9 )  over  t h e  r e a c t o r  or  the  c a t a l y s t  bed. 
stream is employed t o  remove product water from t h e  r e c y c l e  stream and thus con- 
t r o l  t h e  water  conten t  of t h e  e n t e r i n g  gas mixture  a t  a low enough l e v e l  t o  pre-  
vent  ox ida t ion  of t h e  i r o n  c a t a l y s t .  

The cold r e c y c l e  gas  

The c a t a l y s t  f o r  t h e  p r e s e n t  t es t  (Ha 34) was prepared by flame-spraying 

The sprayed steel s h e e t s  were then assembled i n t o  g r i d s  t o  f i t  
powdered Alan Wood magnet i te  o r e  onto  p ieces  of s t e e l  shee t  t o  a thickness  of  
about  20 m i l s .  
i n t o  t h e  3-inch e x t r a  heavy s t e e l  p i p e  r e a c t o r .  Fig. 2 shows the  p l a t e s  and g r i d s .  
Fig.  3 shows the  method of  flame-spraying. The magnet i te  coated g r i d  sec t ions  were 
dipped i n t o  a 6% aqueous s o l u t i o n  o f  potassium carbonate  f o r  5 minutes and a f t e r  
dry ing  were charged t o  t h e  r e a c t o r .  (Concentration of K20 on the  impregnated c a t a -  
l y s t  was 0.13%.) 
on-stream w i t h  syn thes is  g a s ,  1.4 p a r t s  hydrogen t o  1 p a r t  carbon monoxide. 

Following reduct ion  with hydrogen a t  380-40OoC, t h e  u n i t  was put  

The system p r e s s u r e  w a s  held a t  400 ps ig  during s y n t h e s i s .  C02 was scrubbed 
The cold r e c y c l e  g a s  amounted t o  1.5 t o  2 vol -  from t h e  cold recyc le  gas stream. 

umes per  volumes of  f r e s h  gas .  
used h o t  and unscrubbed. 

The remaining (about 18 volumes) recyc le  gas was 



-45- 

Reactor Performance 

Product y i e l d s  of experiment HGR 34 f o r  1000 and 2000 space v e l o c i t y  opera- 
t i o n  a r e  presented i n  t a b l e  1. Also presented f o r  comparison of  product d i s t r i -  
bu t ion  a r e  y i e l d s  obtained i n i t i a l l y  i n  experiment HGR 33 a t  600 hourly space 
v e l o c i t y  operat ion using a flame-sprayed D3001 i r o n  c a t a l y s t ,  not impregnated 
with a l k a l i  m e t a l .  
Alan Wood magnet i te  c a t a l y s t  i n  experiment HGR 34 i s  bel ieved t o  be  la rge ly  re -  
sponsible  f o r  producing a g r e a t e r  propor t ion  of g a s o l i n e  range hydrocarbon than 
t h a t  shown i n i t i a l l y  i n  experiment HGR 33. While t h e  D3001 c a t a l y s t  conta ins  K20, 
i t  i s  not a s  a c c e s s i b l e  as the K20 impregnated on t h e  sur face  of t h e  Alan Wood 
magnetite. 
been l o s t  i n  t h e  flame-spraying. 

(See a n a l y s i s . )  The presence of a l k a l i  metal  on the  sprayed 

Also, it i s  bel ieved most of t h e  K20 i n  t h e  D3001 c a t a l y s t  may have 

The experimental r e s u l t s  a l s o  i n d i c a t e  t h a t  the c a t a l y s t  i n  HGR 34 w a s  q u i t e  
a c t i v e .  
only s l i g h t l y  lower conversion a t  2000 hourly space v e l o c i t y  a t t e s t  t o  t h e  high 
a c t i v i t y  l e v e l  of t h i s  c a t a l y s t .  

The 98.8% conversion of carbon monoxide a t  1000 hour ly  space v e l o c i t y  and 

TABLE 1. - Hot-gas recyc le  synthes is  r e s u l t s -  

Exp. No. Exp. No. 
HGR 33 HGR 34 

6 00 
52 

400 

269 
20 

73.4 
80.6 
76.4 
93.6 

7.4 

59.7 
6.6 

31.8 
1.9 

0 
0 

1000 
15.9 

400 

325 
50 

90.9 
98.8 
94.4 
90.8 

9.5 

36.5 
1 4 . 1  
43.7 

5.0 
0.4 
0.3 

1000 
20.4 
400 

320 
40 

90.1 
98.2 
93 .a 
87.8 

10.3 

33.9 
13.3 
48.5 

4.0 
0.2 
0.1 

2000 
14.4 

400 

325 
50 
83 

94.4 
87.5 
96.6 

11.6 

29.5 
12.8 
53.0 

3.8 
0.5 
0.4 

. Cata lys t  Analvsis  

Analyses of t h e  Alan Wood2Tagnetite c a t a l y s t  a r e  shown below, a s  is a l s o  t h e  
D3001 c a t a l y s t  used i n  Exp. 33- experiment. 

Fe C i s  known as H'agg c a r  i d e  and i s  considered t o  be a d e s i r a b l e  form of  
20 9 39 c a t a l y s t  f o r  t h e  F.T. react ion.-  



-46- 
Discharged 
Alan Wood 

Alan Wood Magnetite 
Magnetite (Sect ion 4) 

I ron  (Fe) - - _ _  - - - - - -- - --- - - - - 
Magnesium oxide  (MgO) ------- 4.6 0.09 0.04 

66.8% 66.1 85.2 (Fe2O3) 
Chromium oxide (Cr202) ------ 0.8 0.08 0.0 

Manganese oxide (Mn304) ----- 0.05 0.04 0.02 
Potassium oxide (K20) ------- 0.61 0.13 0. l o  
S i l i c o n  d ioxide  (Si02) ------ 0.62 5.4 0.50 
Titanium oxide  (TiOq) ------- 0.5 

The x-ray a n a l y s i s  of t h e  HGR 3 4  c a t a l y s t  taken from t h e  12 s e c t i o n s  a f t e r  
d i scharge  are shown below: 

Sec t ion  Phase 1 Phase 2 Phase 3 

1 (bottom - gas i n l e t )  
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 ( top  - gas  o u t l e t )  

Fe20C9 
Fe20C9 

aFe 
o;Fe 

Fe20C9 
Fe20C9 
Fe20C9 
Fe20C9 

W e  
aFe 
aFe 
@e 

The experiment was ended v o l u n t a r i l y  a f t e r  540 hours  o f  s y n t h e s i s ,  and t h e  
p l a t e s  were removed and k e p t  under inert  gas .  The f o u r t h  p l a t e  from t h e  bottom 
showed b l i s t e r i n g  o r  s e p a r a t i o n  o f  the c o a t i n g  from the s t e e l  s h e e t  although the  
c o a t i n g  w a s  i n t a c t  u n t i l  the samples were taken. 
c l e a n  but  t h e  top f o u r  contained loose  carbon and loose  coa t ing .  The top two 
g r i d s  were of  s t a i n l e s s  s teel  and l o s t  a l l  t h e i r  coa t ing ;  t h e  o t h e r  10 were of 
carbon steel. The use f s t a i n l e s s  s t e e l  p l a t e s  i s  apparent ly  not d e s i r a b l e  owing 
t o  t h e  d i f f i c u l t y  of  r & i n i n g  the Alan Wood magnet i te  coa t ing .  The flow of gas 
i s  upward, and t h e  h o t t e s t  temperature (about 35OoC) i s  a t  t h e  top where the  carbon 
i s  formed. It is p o s s i b l e  t h a t  35OoC is too  h i g h  a temperature t o  opera te  a n  i r o n  
c a t a l y s t  though t h i s  conclus ion  depends on t h e  CO p a r t i a l  p ressure  t h a t  t h e  c a t a -  
l y s t  a c t u a l l y  "sees". 

The lower e i g h t  assemblies  were 

O i l  and Water Analyses 

The o i l  analyses o f  t h e  l i g h t  and heavy o i l s  showed Bromine numbers between 
30 and 40 f o r  the l i g h t  o i l  and between 8 and 10 f o r  t h e  heavy o i l  i n d i c a t i n g  t h a t  
t h e  o l e f i n i c  content  of  the o i l  i s  a maximum of  about 22%. Most of  the  product o i l  
is  l i g h t  o i l  as shown i n  Table  1. The o i l  was s l i g h t l y  a c i d i c  i n d i c a t i n g  produc- 
t i o n  of organic a c i d s ,  p r i n c i p a l l y  a c e t i c  a c i d .  

The water  a n a l y s i s  averaged about 94% water ,  t h e  balance being a lcohols ;  t h e  
major a l c o h o l  was e thanol  w i t h  lesser amounts of  methanol, propanols ,  and butanols .  

i 
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Gas Analysis 

A t y p i c a l  t a i l  gas  a n a l y s i s  is: 

H2 44.3% C2H4 0.3% C&10 1.3% 
co 9.7 C2H6 6.5 C5H10 0.6 

0.9 c3H6 0.9 C5Hlo 0.5 
C02 7.9 
cH4 21.4 c4H8 1.1 C6H14 0.1 

c3H8 4.5 c6H12 0 .2  
N2 

Note the  lower concent ra t ion  of t h e  o l e f i n s ;  t h i s  i s  assumed t o  be due t o  t h e  
formation of  a lcohols  and ac ids .  

The c3H6 (but not  c3H8) and heavier  hydrocarbons are2yonsidered i n  t h e  gaso- 
l i n e  f r a c t i o n .  Attempts were made i n  earlier experiments- t o  pass  t h e  t a i l  gas  
through a second r e a c t o r  containing n i c k e l  methanation c a t a l y s t  to  form a high-Btu 
gas  and thus  have 2 s a l e a b l e  products ,  t h e  o i l s  and t h e  high-Btu gas .  However, 
t h e  n i c k e l  c a t a l y s t  became plugged with carbon owing t o  t h e  low HZ/CO r a t i o  of 1.9 
and decomposition of t h e  h igher  hydrocarbons. 

It is  bel ieved t h a t  a s a t i s f a c t o r y  high-Btu gas  could be made from t h e  gas 
analyzed i f  t h e  higher  hydrocarbons were removed as t h e  H2/CO r a t i o  i s  above 311. 
This  would be t h e  d e s i r a b l e  method of  opera t ion  s i n c e  the upgrading of t h e  t a i l  
gas  increases  i t s  value.  

Conclusions 

The t e s t  t o  make a g a s o l i n e  product by t h e  Fischer-Tropsch r e a c t i o n  using 
sprayed p l a t e s  of magnet i te  o r e  was successfu l .  The make of g a s o l i n e  w a s  about 
60% of  t h e  hydrocarbon production. 
s y n t h e s i s ,  and t h e  test w a s  ended v o l u n t a r i l y .  The hourly space v e l o c i t y  f o r  t h e  
l a t te r  p a r t  of  t h e  experiment was 2000. 
a c t i v i t y .  
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F i g u r e  2 .  P l a t e s  and G r i d  Assemblies Used i n  t h e  P roduc t i on  o f  Gasol ine.  
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